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ABSTRACT 

In the present research focus has been given to grain boundary defect and nanopores in the splitting 
of water molecule in alkali modified metal such as potassium and Lithium. The SEM analysis 
revealed the agglomeration and porous structure. The porosity of magnesium ferrite is found to be 
52.2% and it decreases as the dopent is increases in both the cases. In K* the porosity decreases from 
46.6% to 22.9% and in Li* the porosity decreases from 52.98% to 49.71%. The photoluminescence 
spectroscopy is used to determine the grain boundary defects present in the prepared samples. 
Photoluminescence spectroscopy provides verification of the presence of oxygen vacancies and 
radiative imperfections in the fabricated materials. The photoluminescence (PL) investigations reveal 
a decrease in oxygen vacancies and other radiative defects as the dopant concentration increases. The 
present investigation also focuses on the comparison of alkali modified nanoporous ferrite especially 
lithium and potassium for its application in electronic device especially in Hydroelectric cell. 
Keywords— Porosity; Grain Boundary; Nanopore; Grain Size; V-I Characteristics 


1. Introduction 

Polycrystalline ferrites find extensive application in electronic devices. Typically, these ferrites are 
produced by subjecting powder compacts to high temperatures ranging from 1000 to 1400°C. During 
the firing process, compaction is generally accompanied by the growth of grains. Consequently, it 
becomes challenging to independently control both pore structure and grain size using traditional 
firing methods. Polycrystalline ferrites constitute a complex system comprising crystalline particles, 
grain boundaries, and pores. The magnetic properties of these ferrites are influenced by factors such 
as chemical composition, porosity, and grain size. Numerous investigations have focused on 
understanding the magnetic properties linked to composition, and several research groups have 
attempted to elucidate the impact of porosity and grain size [1-4]. However, these endeavors have not 
met with significant success because the porosity and grain size of the tested specimens were 
interrelated. 

The optical properties of a material define how it interacts with light. There are four types of optical 
properties such as refractive index, absorption, transmittance, and dispersion. Luminescence refers to 
the release of light from a substance when it is energized by appropriate radiation. This luminescent 
phenomenon is intricately associated with the crystal arrangement, bandgap, presence of impurities, 
and lattice irregularities. The creation of nanomaterials exhibiting luminescent characteristics is a 
central area of interest in the field of materials science and technology. It plays a pivotal role in the 
deliberate development of versatile nanoparticles, with the potential to significantly influence various 
research domains, spanning from fundamental scientific exploration to applications in 
photoluminescent devices, catalysis, biological sensing, and imaging, among others [5]. It has been 
reported that the reduced size dimension has drastic effect on optical characteristics. This has attracted 
researchers from all round the world to investigate their application of these novel properties. The 
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drastic effects of result are due to splitting of energy levels which enhances as a result of confinement 
and surface plasmon resonance [6]. Certain research teams have also documented that the observable 
photoluminescent emission, occurring around 400 nm, could potentially originate from radiative 
imperfections located at the interfaces of grain boundaries. [7]. In the result and discussion section 
we will discuss PL of MgxKi-xFeO4 and Mg1-xLixFe204 nanomaterials. 


2. Characterization Technique 

The open atmosphere D8 facilitates X-ray diffractometer was used to acquire the XRD pattern. It was 
scanned at 20 angles ranging from 20° to 75° at a wavelength of à = 1.5406 A. Photoluminescence 
spectroscopy was employed to examine the luminescent features at room temperature, while scanning 
electron microscopy (SEM) was utilized to investigate the microstructure and porosity of the 
synthesized ferrite material. PL and XRD analyses can be used to determine a material’s porosity and 
grain boundary defect. The synthesis and characterization of XRD, SEM and PL has been described 
in other paper [8, 9]. 


3. Result and Discussion 

3.1 X-Ray Diffraction 

To determine the porosity of samples MgxKi-xFeO4 and Mgi-xLixFe2O., (where, x = 0 - 0.4) theoretical 
and bulk density were calculated and using these two formula porosity can be determined. The 
formula is as given below. 


_ 8M 
De Nas (1) 
Dion 2 : (2) 
Porosity (%) = (1 - =) x 100 (3) 


Where notations have their general meanings [10]. The average crystallite size has been reported in 
another paper [8, 9]. The table 1 shows the Dx, Db and the porosity of the prepared sample. 
Table 1: Comparison of Potassium and Lithium 


Material Dx (g/cm3) Db (g/m3) Porosity (%) 

MgFe204 4.49 2:15 52.2 
Mgo.9 Ko.1 Fe2O4 4.53 2.41 46.6 
Mgo.s Ko.2 Fe2O4 4.61 2.80 39.9 
Mgo.7 Ko.3 Fe2O4 4.62 3.09 33.7 
Mg0o.6 Ko.4 Fe2O4 4.66 3.6 22.9 
Mgo.9 Lio.1 Fe2O4 4.403 2.07 52.98 
Mgo.s Lio.2 Fe204 4.417 2.10 53.58 
Mgo.7 Lio.3 Fe204 4.379 2.19 49.98 
Mg0o.6 Lio4 Fe2O4 4.335 2.18 49.71 


The porosity of magnesium ferrite is found to be 52.2% and it decreases as the dopent is increases in 
both the cases. In K* the porosity decreases from 46.6% to 22.9% and in Li” the porosity decreases 
from 52.98% to 49.71%. The average crystallite size and porosity decreases as the dopent is increased 
in case of MgxKi-xFeO4 material but in MgxLii-xFeO4 materials the average crystalline size decreases 
and porosity rises (up to x=0.2) and subsequently declines. The more porosity of the prepared sample 
makes it suitable for application in hydroelectric cell applications. 

3.2 Photoluminescence spectroscopy 

The materials composed of Mg1-xLixFe204 were examined using PL spectroscopy to observe the 
electronic emission spectra at room temperature, as illustrated in Figure 1. An excitation wavelength 
of 400 nm was employed to capture the electronic emissions. To delve into the defects and potential 
impurity states within the system, photoluminescence spectra of the Li-doped system were recorded 
[11, 12]. Figure 1 displays the photoluminescence (PL) spectrum of Li-doped magnesium-based 


@2023, IJETMS 


Impact Factor Value: 5.672 | Page 139 


International Journal of Engineering Technology and Management Sciences 
Website: ijetms.in Issue: 6 Volume No.7 November - December — 2023 
DOI: 10.46647/ijetms.2023.v07i06.024 ISSN: 2581-4621 


material, specifically Mgi-xLixO4, with varying Li concentrations (x = 0.10, 0.20, and 0.40). In the 
case of Mgo.9Lio.1Fe2O4, three distinct peaks corresponding to violet, blue, and green emissions are 
observed at approximately 406 nm, 476 nm, and 524 nm, respectively (as shown in the inset of Figure 
1). In Figure 1, you can clearly observe well-defined peaks near 406 nm and 476 nm, along with a 
shoulder at 524 nm for the Li-doped Mg ferrite. As the Li doping concentration into Mg increases, 
the overall intensities of all these peaks decrease. Notably, for the lowest Li concentration (x = 0.10), 
the intensity of the peak near 406 nm experiences a significant drop compared to the other two peaks 
around 450 nm and 476 nm. As the Li* concentration increases (x = 0.40), the intensities of the other 
two peaks (450 nm and 476 nm) continue to decrease, and eventually, all peaks nearly vanish for the 
highest Li concentration of x = 0.40.The peaks around 476 nm and 524 nm correspond to deep-level 
visible emissions associated with localized states within the bandgap. The band exciton transitions 
occurring around 450 nm and 476 nm are directly linked to the blue emission. These transitions are 
attributed to intrinsic (Mgi) and oxygen defects [11, 12]. Since these peaks are associated with defects, 
the decrease in their PL intensities at higher Li concentrations may be due to an increase in 
nonstoichiometric Mg ferrite content. The shoulder peak at 524 nm is likely attributed to oxygen 
vacancies. Conversely, the reduction in the intensity of the peak near 406 nm in Li-doped Mg ferrite 
(x=0.05) may be due to non-radiative recombination processes induced by multiple phonon or lattice 
vibrations [13, 14]. The PL spectroscopy of Mgi-xKxFe2O4 materials exhibits emission spectra across 
the ultraviolet and visible wavelengths. The peak within the wavelength range of 275-364 nm 
signifies the ultraviolet (UV) spectrum, while the peak around 400 nm corresponds to visible 
radiation. Such type of PL spectra is basically due the radiative defects present in the crystalline 
structure. The PL spectra of Mgi-xKxFe2O4 materials are shown in another paper [8]. 


Intensity (a.u) 


. 450 476 


400 450 500 550 600 650 
Wavelength (nm) 
Fig 1: PL spectra of Mg,Lii-.FeOs samples 
In this current research study, we have prepared K and Li substituted magnesium ferrite and measured 
there structural, optical, and V-I characteristics of the prepared sample mainly for its applications in 
HEC. We have observed that the average crystalline size is observed to in the range of 9-36 nm (K* 
substituted magnesium ferrite) and 24-36 nm (Li* substituted magnesium ferrite) [8, 9].The 
nanoporous properties of alkali metals play an important role in HEC as the porosity increases in 
alkali metal, the defect increases with increment in Potassium and Lithium substitution in prepared 
ferrite which increases the chemidissociation of water molecules into hydronium and hydroxide ions 
leading to the current generation in hydroelectric cells. The grain boundary defect can be seen using 
photoluminescence, which indicates there is high radiative defects and oxygen voids in the alkali 
metal sample. The variation in ionic radii among cations (K+, Mg2+, and Fe3+) induces lattice strain 
within the crystal structure, leading to the formation of lattice defects. This lattice strain has been 
substantiated through X-ray diffraction (XRD) studies. These oxygen vacancies act as electron traps 
and exhibit a strong attraction towards the hydroxyl ions present in water molecules. When a water 
molecule approaches these pairs of oxygen vacancies, it undergoes dissociation into hydronium and 
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hydroxide ions. The higher the oxygen vacancy, the greater the lone pair attraction resulting in higher 
dissociation of water molecules. Thus, enhanced radiative defects and oxygen vacancies make it a 
suitable material for water chemidissociation. The V-I polarization graphs demonstrate that the 
offload currents are significantly greater for the hydroelectric cell (HEC) constructed with K* and Li” 
doped magnesium ferrite compared to the undoped sample. This increase in current can be attributed 
to the heightened porosity and more noticeable presence of defects in the K* and Li* substituted Mg- 
ferrites. The photoluminescence study of the prepared ferrite also reveals the defect states, probably 
the oxygen voids or vacancies. The defect states are high in K* and Li® substituted samples than in 
undoped magnesium ferrite sample. All of the fabricated ferrites exhibited a wide and intense 
photoluminescence (PL) spectrum. This observation suggests the presence of increased oxygen 
vacancies or empty spaces as well as unsaturated surface cations, which are indicative of radiative 
defects, in comparison to the other samples. While studying the cation distribution of the prepared 
ferrites in XRD analysis, the deviation in oxygen positional parameters indicated the presence of 
oxygen vacancies. Consequently, the rise in oxygen vacancies and the presence of unsaturated surface 
cations promote the chemical dissociation of HzO molecules into H30+ and OH- ions [15-21]. The 
greater presence of dissociated ions forms a chemically adsorbed layer on the surface of the 
hydroelectric cell (HEC), subsequently enhancing the physiorption process of H20. This, in turn, 
leads to an increase in HEC currents. [15-21]. 
Table 2: Grain size dependence of V-I characteristics 


Sample Grain size (um) V-I characteristics 
Current Voltage (V) 
(mA) 

MgFe204 1.26 0.86 7.8 
Mgo.9Ko.1Fe2O4 0.95 0.73 6.4 
Mgo.sKo.2Fe2O4 0.79 0.85 7.02 
Mgo.7Ko.3Fe2O4 0.86 0.84 7.2 
Mgo.6Ko.4Fe2O4 0.81 0.74 1.4 
Mgo.9Lio.1Fe2O4 0.67 0.72 8.8 
Mgo.sLio.2Fe2O4 1.76 0.88 9.78 
Mgo.7Lio.3Fe2O4 2.19 0.92 7.08 
Mgo.6Lio.4Fe20O4 2.20 0.93 9.22 


The Table 2 shows the dependence of grain size with V-I characteristics. The grain size may be 
determined by SEM data which has been reported in another paper [22]. The grain size is directly 
proportional to the V-I characteristics. As the grain size decreases there is decrease in V-I 
characteristics. The reason may be the porosity, as the porosity of the sample decreases as the dopent 
is increased. In case of potassium substituted magnesium ferrite (x=0.1 to 0.4), as the dopant is 
increased the oxygen vacancies trap electron which strongly attract the hydroxyl ions of water 
molecules decreases which is required for the chemidissociation of water molecules. The higher the 
oxygen vacancy, the greater the lone pair attraction resulting in higher dissociation of water molecule. 
In Potassium substituted magnesium ferrite the data shows that as the dopant is increased the oxygen 
vacancy decreases and there is less lone pair attraction resulting in less dissociation of water molecule 
and hence, V is also decreased from (7.8 to 1.4 V) and current from (0.86mA to 0.74). The likely 
explanation for this observation is that, on average, the porosity of the prepared ferrites decreases as 
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the K+ content increases. This reduction in porosity has been confirmed by X-ray diffraction (XRD) 
analysis of the doped samples. Additionally, photoluminescence (PL) spectroscopy provides evidence 
of decreased defect states in the more highly doped samples, indicating a reduction in oxygen 
vacancies and unsaturated surface cations. As a result of these reductions, the process of chemically 
dissociating water molecules into hydronium and hydroxide ions is also reduces [15-21]. The intense 
peak in PL spectra indicates the high radiative defects and oxygen voids in the potassium sample but 
decreases as the dopant increases. There three defects i.e high radiative defect, lattice defect and the 
oxygen voids or vacancies created for the HEC susceptibility. In the similar manner lithium 
substituted magnesium ferrite (x=0.1 to 0.4) shows different trends. As the dopant is increased the 
grain size also increases and the V-I characteristics increases. In Lithium substituted magnesium 
ferrite the data shows that as the dopant is increased the oxygen vacancy increases and there is greater 
lone pair attraction resulting in higher dissociation of water molecule and hence, V is also increased 
from (7.8 to 9.2 V) and current from (0.86 mA to 0.96). The reason may be higher oxygen flaws in 
the composition which result in more water adsorption and dissociation. The intense peak in PL 
spectra indicates the high radiative defects and oxygen voids in the Lithium sample but increases as 
the dopant increases. 


4. Conclusion 

Li’ and K* substituted MgFe2O4 nanomaterials were successfully prepared using sol-gel method. The 
porosity of magnesium ferrite is found to be 52.2% and it decreases as the dopent is increases in both 
the cases. In K* the porosity decreases from 46.6% to 22.9% and in Li” the porosity decreases from 
52.98% to 49.71%. The average crystallite size and porosity decreases as the dopent is increased in 
case of MgxKi-xFeO4 material but in MgxLii-xFeO4 materials the average crystalline size decreases 
and porosity increases (upto x=0.2) and then decreases. The more porosity of the prepared sample 
makes it suitable for application in hydroelectric cell applications. The SEM analysis revealed the 
agglomeration and porous structure. The photoluminescence (PL) investigations reveal a decrease in 
oxygen vacancies and other radiative defects as the dopant concentration increases. The decline in 
porosity, oxygen vacancies, and unsaturated surface cations is responsible for the reduction in offload 
currents and output power in the samples where K* is used as a substitution. Consequently, the 
synthesized material finds potential applications across a range of industries, including 
telecommunications, hyperthermia, electronics, and even in hydroelectric cells. 
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